In previous papers we demonstrated that the administration of cortisone leads to 2 chief groups of morphologic alterations in the pancreas of the rabbit.7' 23 The first group of lesions (i.e., degranulation of B cells, increased mitotic activity of B cells, hyperplasia of the islets, and infiltration of glycogen, or hydropic change, in the ductular tissue and in B cells) are well--known concomitants of most forms of experimental diabetes. Some, or all of these lesions have been described by various investigators in several species of animals after the administration of cortisone, hydrocortisone, or ACTH 1, 4, I0, 17, 18. 27 The second group of lesions (i.e., diffuse an focal proliferation of intercalated ducts, with associated intra--islet proliferation of ductules, and changes in the size and shape of the islets) does not accompany the changes observed in other forms of experimental diabetes.33. Furthermore, other workers have not described this second group of lesions in diabetes that results from cortisone, except in I instance where a somewhat similar lesion was induced in rabbits.
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'This paper deals with a study of the mode of development and regression of the degranulation of B cells, the infiltration of glycogen, and the ductular proliferation in the pancreas of the cortisone--treated rabbit. It was hoped that the results would further elucidate the pathogenesis and significance of these histologic changes.
MATERIALS AND METHODS
The series of experimental animals consisted of 46 New Zealand white rabbits, male or female, weighing from 2 to 5.5 kg. Each of the animals was placed in a separate metabolic cage, and they were permitted to have continuous, free access to water and to weighed amounts of Purina rabbit chow. Twenty--four--hour specimens of urine were collected in clean vessels that contained I to 2 ml, of toluol. 'The amount of glucose in the urine was determined according to the quantitative method of Benedict. 31 Samples for the determination of the level of glucose in the blood were obtained with micropipets (in duplicate) from the veins of the ears. The nonfasting blood sugar was determined by a modification of the Folin--Wu micro method.'9 Animals were sacrificed by means of an over--dose of Nembutal. Specimens of the pancreas were fixed in Zenker--formol, solu
A few hydropic cells that did not contain glycogen were noted in normal pancreas, but the significance of these is not known. The cells of tile intercalated ducts were small, Palely stained, and elongated in the direction of the lumens of the duct. The connections of the ductules to the islets and intra--islet ductular tissue were apparent only rarely.
Group B--proqression. The intake of food was similar to that of the control group. The levels of blood sugar and the 24--hour output of glucose in the urine are listed in ' Table 1 . The degree of degranulation, infiltration of glycogen, and ductular proliferation are summarized in Table  2 . A few mitoses of B cells were observed in only 3 of the animals (i.e., U 49. U 52, and U 53). Degranulation of B cells was first noted in 1 of the animals 2 days after injections of cortisone were begun. 'Thereafter, all of the rabbits in this group had some degree of de--granulation of B cells, and this seemed to vary proportionately with the height of the blood sugar in the last 24 hours. Infiltration of glycogen (hydropic change) was first observed in ductal' epithelium 3 days after treatment was started with cortisone. No glycogen was found in the B cells of this animal. On the fourth day and thereafter, all of the animals had infiltration of glycogen in the epithelium of the ductules. Glycogen was observed in minimal amounts in the B cells in 1 animal that was sacrificed on the fifth day; it was present in similar or slightly greater amounts in animals that were sacrificed 6 and 8 days after injections of cortisone were begun. 'The presence of glycogen seemed to be related to the height and duration of the hyperglycemia, it was noted earlier, and was usually more extensive in the ductular epithelium than in the B cells. Mitotic activity of slight degree was found in the B cells of only 3 animals.
Identifiable diffuse ductular hyperplasia and abnormalities of the size and shape of islets were found in 1 of the animals on the eighth day after starting treatment with cortisone. Abnormalities of the ductular system were also found in animals that were sacrificed Prior to this time. However, owing to their scarcity and basic identity with focal lesions that were sometimes observed in untreated animals ( Fig. 2) , one could not be certain that such abnormalities of the ductules were induced by the cortisone. Group C-regression. The changes in body weight, intake of food, level of blood sugar, and output of glucose in the urine during treatment with cortisone were similar to those described in other papers.7 23 The levels of glucose in the blood and urine declined rapidly when treatment with cortisone was stopped, and the levels returned to average normal values within I to 7 days.
The various degrees of morphologic changes observed in the biopsy and autopsy specimens of the pancreas of 23 animals are summarized in Table : 3. Regranulation of the B cells occurred rapidly after withdrawal of the cortisone. In I of the animals, sacrificed 7 days after the biopsy, the B cells were completely granulated, and, thereafter, no degranulation of B cells was observed in any of the postmortem specimens. Infiltration of glycogen (hydropic degeneration) was observed in the biopsy of every pancreas except 1 (Fig.  3 ) the degree of infilration of glycogen was usually greater in the ductular epithelium than in the B cells. Glycogen seemed to disappear relatively rapidly from the B cells when cortisone was withdrawn, and no glycogen was observed in these cells on the seventh day, or thereafter. A somewhat longer period was required for the glycogen to disappear from the ductular epithelium, and glycogen was not observed in these cells on the thirteenth day (or thereafter) from the time of cessation of treatment with cortisone.
In the biopsies obtained 30 or 45 days after beginning the injections of cortisone, varying degrees of diffuse ductular proliferation were observed ( Table 3 ). The intervening acinous tissue was morphologically normal. The islets were highly irregular in shape, and there was clear connection between the proliferating ductular epithelium and the islet cells (Fig. 4) . In addition, proliferation, dilated ductules, atrophy' of acini, and some fibrosis were observed in focal areas. Occasional foci of necrosis of pancreatic fat were also present (Fig. 5) . The diffusely hyperplastic ducts became morphologically normal within 30 days, and the last region where they persisted was inmediately adjacent to, and within islets (Fig,  6 ). On the other hand, occasional small foci of ductular proliferation (similar to those observed in normal and in cortisone--treated animals) were still present. Many islets were still moderately lobated after 26 days, but, by the fortieth day, all of them became compact and regular in outline. By that time, the histologic findings in the pancreas (as a whole) were indistinguishable from those observed in the untreated rabbits.
DISCUSSION
Degranulation of B cells in the cortisone--treated animals required a certain duration of hyperglycemia, i.e., probably 48 hours or more (Table 2) . Furthermore, a comparison of the data in Tables 1 and 2 indicates that, in general, the animals with the greater degree of hyperglycemia had more extensive degranulation of B cells. These studies also suggest that a level of 225 mg. of glucose per 100 ml. of blood is critical for the development of degranulation of B cells. On the other hand, this abnormality was not observed in the pancreas of rabbit N 35, which was normoglycemic except for a few days at the beginning of the experiment (Table 3) . These results are in contrast with those reported by other workers after injection of glucose, namely, that B cell degranulation was observed within 15 minutes, or within 3 hours, respectively. 13 26 It should be noted in these latter experiments that the glycemic levels were somewhat higher than those observed with cortisone. Our results are also in contrast with those obtained in studies with cortisone--treated guinea pigs 17 in which degranulation of B cells was observed in animals that did not have diabetes. The regranulation of the B cells, which was observed within 7 days after withdrawal of cortisone, is also an observation that is in accord with that of previous workers. For example, it was demonstrated that regranulation of B cells was completed within 48 hours after a single intracardiac injection of glucose in rats.' In other studies with rats, but. under different experimental conditions, regranulation of B cells was observed within 10 days. The granules of B cells are thought to represent a precursor, or storage form of insulin, and the extent of granulation of B cells correlates with the content of insulin and the pancreas. Although the B cells may be producing more than the normal amount of insulin in diabetic states, the rate of liberation of insulin from the pancreas may be so high that storage in the form of granules does not occur, and this is visualized as degranulation. This thesis is supported experimentally by the fact that the admnistration of glucose may lead to degranulation of the pancreas,5' 26 diminish the content of pancreatic insulin,'5 and, at the same time, increase the output of insulin from the pancreas. 9 The degranulation of B cells that occurs in the cortisone--treated rabbit is thought to reflect a similar sequence of events, although these experiments provide no direct evidence that the out--put of insulin is increased. Infiltrations of glycogen in the ductal cells and B cells seems to be influenced by the same mechanism that brings about the degranulation of the B cells; however, a somewhat greater duration of hyperglycemia seems to be required. In this small series of animals, the glycogen was deposited somewhat earlier in the ductal cells (3 days) than in the B cells (4 days), and the deposition of glycogen was usually of somewhat greater degree in the former. In some instances, glycogen was found in ductal cells but not in B cells. On the contrary, the glycogen seemed to disappear more rapidly from the B cells, than from the ductal cells. Glycogen was not observed in the B cells on or after the seventh day following the cessation of treatment with cortisone, and glycogen was no longer visible in the ductal epithelium on or after the thirteenth day. The time of appearance of glycogen in the pancreas of the cortisone--treated rabbit compares with 5 days for the appearance of hydropic change in partially pancreatectomized dogs,2 and 7 days for dogs that are rendered diabetic by means of injections of a crude extract of the anterior lobe of the pituitary gland.'° On the other hand, animals that are rendered diabetic with alloxan do not have hydropic change prior to the seventeenth day after the administration of the drug. Regression of hydropic degeneration was previously demonstrated (by several workers) in the diabetes that results from partial pancreatectomy or that resulting from alloxan. However, guinea pigs that are treated with cortisone or hydrocortisone develop extensive hydropic change of the B cells, and this persists for 17 and 33 days, respectively, after cessation of treatment. 17 18 Hydropic degeneration of B cells has been regarded as a regressive morphologic response to prolonged, excessive functional activity. 2, 20 This suggestion was proposed before it was known that hydropic change in the B cells represented infiltration of glycogen. 32 However, the observations in the present study (i.e., hydropic degeneration is not primarily a lesion of B cells, but, if anything, is more pronounced in the ductular epithelium) seem to indicate that this form of deposition of glycogen is not a degenerative change, resulting from ''exhaustion" of the B cells, but is merely 1 component of the more widespread, pathologic deposition of glycogen that occurs in diabetes. This idea is also supported by the fact that the concentration of glucose in the external pancreatic secretion is directly proportional to the level of glucose in the blood, and the amount of glucose in pancreatic secretions is extensively increased in hyperglycemic states. 3 In regard to ductular proliferation, the most interesting phenomenon was the almost complete reversion of the pancreas to normal, on or after the thirtieth day following withdrawal of the cortisone. The results of other studies suggest (1) that the diffuse proliferation of ductules that is induced by cortisone may be the result of a direct action of this substance on ductular epithelium, 23 or (2) that it is more likely the result of some obstructive mechanism. 7 The exact cause of the obstruction is not known, but it was thought that it might be infectious, or that obstruction might result from changes in the viscosity of the secretory material in the ducts, i.e., changes caused by cortisone.' The regression of this lesion (after cessation of treatment with cortisone) may be explained on the basis of a return to the normal viscosity of the external pancreatic secretion, thus relieving the obstruction. It seems unlikely that withdrawal of cortisone would allow a rapid regression of ductular proliferation if the latter were on an infectious basis. 'The anatomic restitution of the pancreas in the cortisone--treated animals was similar to that described in animals that had the duct of the pancreas ligated. In such instances, the pancreas was altered to a system of branching ducts, and, when the continuity of the main duct was restored, the pancreas returned to practically normal conditions within 25 days. On the other hand, the observations in regard to the progression and regression of the proliferative lesion could be equally well explained on the basis of a direct. action of cort --isone on the ductular epithelium. Some authors demonstrated that various steroids (including adrenal steroids) are capable (I) of preventing the development of diabetes in the partially pancreatectomized rat, and (2) of curing the diabetes in the alloxanized rat.28 ' 29 This antidiabetogenic action was thought to reflect (1) centroacinous hyperplasia of cells, and (2) neoeogenesis of B cells from centroacinous and ductular cells, as a result of direct stimulative action of these steroids on this transformation. 21, 22 In the present study, although some of the foci were suggestive of new formation of B cells from the hvperplastic ductal epithelium, the morphologic evidence was not sufficient to justify definite conclusions in regard to the extent and significance of this process.
SUMMARY
1 . 'These studies dealt with the mode of development and regression of the cortisone--induced morphologic alterations in the rabbit pancreas. It was determined (1) that degranulation of B cells may be observed within 2 days after starting treatment, and (2) that complete regranulation of B cells occurs within 7 days. Infiltration of glycogen (hydropic degeneration) was first observed in the ductular system, and it was usually of greater degree hi ductular elements. In the experiment on regression, the inverse was noted, i.e., the glycogen disappeared more rapidly from the B cells than from the ductal epitheliuni. This scented to indicate (1) that this from of infiltration of glycogen is not a degenerative change that results from ''over--exhaustion'' of B cells, but (2) that it represents a component of the widespread, pathologic deposition of glycogen that occurs in diabetes.
2. The diffuse ductular proliferation that occurred in the cortisone--treated rabbit gradually diminished when cortisone was withdrawn, and there was almost complete reversion of the pancreas to normal on or after the thirtieth day. 'The observations in this study support the idea that the proliferation of ducts results front obstruction, but they do not exclude the possibility of a direct action of cortisone on ductular epithelium. 2.Le diffuse proliferation ductular que occurreva in Ie conilios tractate con cortisona se reduceva gradualmente quando le cortisona esseva discontinúate. Il occurreva un quasi complete reversión del páncreas al stato normal post trenta dies o pauco plus tarde. Le observationes de iste studios supporta le idea que le proliferation del ductos resulta de un obstruction, sed ille observationes non elimina le possibilitate de un action directe del cortisona superle epitelio ductular.
